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Background
It is estimated that in North America more than 15 million people suffer from coronary heart disease (CHD) and every 42 seconds a diagnosis of acute myocardial infarction (AMI) is made. Coronary diseases affects both men and women and in all age groups, but it is clear that, before age 50, it is more frequent in men and when it reaches 50 years, the incidence and prevalence is equalized by sex (1) . The approach in the emergency room (ER) to patients with precordial pain of intermediate or high probability for an acute coronary syndrome (ACS) includes, in addition to medical management, the stratification of coronary risk, applying the GRACE or TIMI scales, validated for this purpose and accepted in the American and European guidelines for management of acute myocardial infarction without ST elevation / Unstable Angina (NSTEMI / UA) (2, 3) .
In ER, the GRACE scale offers some advantages over the TIMI scale, including an easy execution without requiring additional information on previous coronary risk, including data on the use of antiplatelet agents, occlusive involvement of the coronary arteries and factors of cardiovascular risk (4, 5) ; in addition, in some investigations and in a general way (not in subgroups), the GRACE scale has shown better operative capacities and correlation with the SYNTAX score and major cardiovascular adverse events (6) (7) (8) .
The GRACE scale was proposed since 2002 and within the components required to calculate the score is the result of troponin (positive or negative), it should be mentioned that at the time the scale was designed and validated, it was not established a control with a second troponin to measure the troponin Δ, that is to say the dynamic changes between them (Troponin 2 / Troponin 1), given the possibility of a false positive due to clinical conditions that raise serum levels of troponin, among them the processes infectious, the exacerbation of a chronic obstructive pulmonary disease, chronic kidney disease, cardiac arrhythmias, among other clinical conditions; this was a consideration that began to emerge from 2009 onwards and was established as a standard for the interpretation of biomarkers in the latest guide for the management of NSTEMI / UA (3, (9) (10) (11) .
Given the changes in the interpretation of myocardial biomarkers (troponins), in the context of the approach to the patient with suspected ACS treated in the ER, we consider that it is possible that the GRACE score obtained with the first troponin is biased, given the clinical conditions mentioned, which can raise troponin levels; the above can result in an erroneous stratification of coronary risk and expose the patient to unnecessary hospital procedures and costs.
Methods.

Subjects and settings.
A retrospective descriptive research was done, using clinical register of patients admitted consecutively to the ER and evaluated by a Cardiologist in Occidente Clinic (OC), Bogotá -Colombia, between January-June/2017. Patients with two sequential troponins results and a chest pain with intermediate probability to CAD were included; patients that required a pre-surgical assessment were not included. Exclusion criteria were a diagnosis at admission of 1. STEMI type I, 2. STEMI o N-STEMI type II, IV, V. Finally, patients included were that with any of the follows conditions: 1. Unstable Angina/N-STEMI type I, 2. N-STEMI type II and 3. Chest pain of intermediate probability, with any feature related to coronary disease (typical, atypical or non-cardiac); patients with atypical or non-cardiac chest pain should have at least one of the following acute manifestations of cardiovascular disease: palpitations, dyspnea, cardiac syncope or cardiac arrhythmia (Figure 1) . In a pilot study we determine that GRACE score of 20 patients has a standard deviation of 22 points; to establish a difference of 13 points in a paired T-test (13 points contributed by a positive troponin), a confidence of 99% and a power of 90%, it was calculated a sample size of 25 patients (Minitab® Version 18).
To execute this research, we require data contained in clinical registers and, into database designed to store variables; a consecutive number, which started from the first to the last patient included, replaced the identification number. Based on the foregoing and the provisions of Resolution 008439/1993 of Colombia, this research was classified without risk and was executed after the approval of the research committee of OC.
Database and variables.
Data collected were stored in an Excel® archive. The variables required to calculate GRACE score were included: age (years old), heart rate, systolic blood pressure (mmHg), seric creatinin (mg/dL), Killip Kimbal classification (KK), heart attack, ST deviation and positive/negative cardiac biomarker cardiac at admission. In addition, sex, Charlson´s Comorbidity Score (CCS), main symptom at admission, time between the onset of symptoms and first attention at ER, initial (first troponin) and control (second troponin) troponin concentrations results, estimated Glomerular Filtration Rate (eGFR), seric potassium concentration, Left Ventricular Eyection Fraction (LVEF) and the threemain diagnosis stablished for Internal Medicine or Cardiology Services (12) (13) (14) . To calculate GRACE, Killip Kimbal, CCS y eGFR we used the available calculators on MdCalc®.
High sensitivity T troponin (hs-cTnT), with a cut-point ≥0.014 to identify as positive, was applied in CDO; those patients with a troponin Δ >20% or <20% (second troponin divided first troponin) was identified such as positive (15, 16) . Using the cutpoints established to identify patients with troponins positive results (first, second or Δ), we calculate three GRACE scores: GRACE-1 (first troponin), GRACE-2 (second troponin) and GRACE-delta (troponin Δ).
The rest of the variables included were used to evaluate possible interactions or relationships that influenced the GRACE score or coronary risk stratification.
Outcomes.
The primary outcome was the difference between the GRACE-1 and GRACE-2 compared to GRACE-delta, and the secondary outcome was the proportion of patients with a biased stratification when using first troponin.
Statistical analysis.
Statistical packages Minitab® Version 18 y EPIDAT ® Version 4.2 were used to perform analysis. A descriptive analysis was done, presenting numeric data in means (SD) and categoric data in proportions; Shapiro Wilks test was used to determine normality. Paired t-test (one tail) was used to compare continuous variables and Chi square (X2) or Z-score, to compare cualitative variables or proportions, respectively; Spearman coefficient (Rho) was used to determine correlation grade among continuous variables; a p-value <0.05 was stablish as significant.
Results
General characteristics.
From January to June 2017, 147 evaluations by the Cardiology Service in the ER and other areas were carried out; after excluding pre-surgical assessments and patients who did not meet the eligibility criteria, 44 patients were identified, consecutively attended who fulfilled the definitive inclusion criteria; the majority males (31/44, 70.4%) and older adults. The most frequent cardinal symptoms were atypical chest pain (18/44, 40.9%) and typical chest pain (16/44, 36.4%), followed by arrhythmias, dyspnea, palpitations, syncope with cardiac risk and non-cardiac chest pain. The median (25th percentile -75th percentile) time between onset of symptoms and initial attention in the ER was 19.5 hours (3.25-48) and the median Charlson Comorbidity score was 4 (3-6).
Comparison of GRACE scores. Table 1 shows the distribution of the components that make up the GRACE score and identified that, when compared to the initial troponin result, when evaluating the troponin delta, the proportion of patients with a positive myocardial biomarker definition decreased 25% and 31.8% in relation to the results of troponin 1 and 2, respectively (p: <0.05, Table 1 ). Among the components that are part of the GRACE it should be noted that, on average, most patients had high systolic pressure, category I in the KK classification and although the creatinine level did not show very high concentrations, the 25th percentile presented eTFG below 60 (48.9 mL / min / 1.73 m2). When the GRACE scores calculated with the interpretations of the troponins were lower, in most cases they corresponded to that calculated with the interpretation of the troponin delta or the first troponin result. The average (SD) of the GRACE-1 score was 114.14 (30.73) and GRACE-2 115.55 (30.14), with a difference of -1.40 points (CI 90% -2.59 --0.21) when comparing both, identifying that, the GRACE-2 had a higher value than the first (one-tail p-value: 0.026; paired T-test). The average (SD) of the GRACE-delta score [111.11 (28.79)] was lower than GRA-CE-1 (difference: -3.02, CI 90% -5.19 --0.84) and GRACE-2 (difference: -4.43, CI90%: -6.01 --2.85) Figure 2a , 2b. Average differences between Grace delta score, Grace 1 and Grace 2.
Comparison of GRACE scores calculated with troponin 1 (GRA-CE-1), troponin 2 (GRACE-2) and troponin Δ (GRACE-Δ); in both figures the GRACE calculated with troponin 1 is represented with the light green color, the one calculated with troponin 2 with light blue color and the one calculated with the delta of troponin with dark blue. The figure on the top shows the three GRACE scores calculated, consecutively to each patient. In the figure below shows the confidence intervals of the mean of each calculated GRACE score. Finally, when comparing the stratifications of coronary risk established with the GRACE-1, GRACE-2 and GRACE-Δ scores, it was found that 22.7% (10/44) had bias in the stratification and in the majority it was secondary to overStratification of coronary risk (9/44, 20.4%) (Figure 2a, 2b. ). 
Characteristics related to the GRACE score.
When evaluating the relationship between the three calculated GRACE scores (GRACE 1, GRACE 2, GRACE delta) and other characteristics or variables that are not part of the scale, a relationship was identified with the Charlson score (GRACE delta: Rho 0.614, p : 0.000; GRACE 1: Rho 0.628, p: 0.000; GRACE 2: Rho 0.614, p: 0.000); no relationship was identified with the time of evolution of symptoms (delta GRACE 
Discussion
The present investigation allowed identifying differences in the stratification of coronary risk, when using the results of the troponins requested sequentially, in comparison with the delta of troponins.
The private institution where this research was carried out serves between 11,000-14,000 monthly emergencies and after trauma as the main reason for consultation (60%), cardiovascular emergencies are the next priority of care (15-22%); administrative agreements, geographic location, the demographic condition of the area of influence and availability of cardiovascular care resources, including the Coronary Care Unit and Hemodynamics, create the required scenario to meet the demand of patients with coronary-type cardiovascular conditions.
Troponins are the myocardial biomarker gold standard, given their specificity for this tissue, in comparison with other biomarkers previously implemented (17) (18) (19) . Therefore, due to its ability to predict relevant outcomes in patients with ACS, it was possible to integrate them, along with other predictor variables, into scales that predicted MACEs (20) (21) (22) (23) (24) ; among them, the TIMI and GRACE score have demonstrated the best operational capabilities and calibration, and have been adopted by the American and European Societies of Cardiology as a diagnostic and prognostic standard in the context of the SCA (2, 3, 25, 26) . The GRACE score presents the following operative advantages over the TIMI score since it only requires data from the physical examination, the patient's clinical condition (vital signs) and the result of basic paraclinical tests (electrocardiogram, troponin and creatinine); With this information obtained in an easy and routine way, the GRACE score maintains and, in some studies, it surpasses the operative capacities to discriminate patients with ACS or STEMI / N-STEMI in the SE, also it is very useful to predict MACEs and mortality to the 30 days or 6 months after the event (22) (23) (24) .
Despite the utilities of the risk scales, specifically the GRACE score, there is a natural bias underlying them: the imbalance with respect to the change in the interpretation of myocardial biomarkers, a relatively new variation, not contemplated during the design and validation of the scale (6). We identified differences when calculating the GRACE score and in the stratification of coronary risk, when using the results of the individual troponins and the troponin delta. It should be noted that the selected clinical records only included patients requiring the application of the GRACE score, excluding patients who, with or without the GRACE score, required invasive therapy (thrombolysis or PCI) or with clinical diagnoses with a high probability of bias (false positive), for example, acute heart or kidney failure, among others.
Therefore, we consider that we were able to exclude most of the clinical conditions that influenced the difference between the individual troponins and the delta. Both the initial and recent studies, which have implemented high sensitivity troponins, established the usefulness of the troponin delta and are consistent with the stratification bias when using the individual troponin results, and have also demonstrated its usefulness as a predictor of MACEs (9, 10, 16, (27) (28) (29) .
Although decision making in the context of the SCA from the interpretation of the troponin delta was integrated into the guidelines and management standards, it has not been coupled in the coronary risk scores used in the SE, including the HEART score, which modified the old interpretation of positive or negative biomarker, made a level of positivity, but maintaining the first troponin as the biomarker required to assess the risk (30, 31) .
We identified a correlation between the Charlson score and the calculated GRACE scores, mainly GRACE-1 and GRACE-2; a multivariate regression (analysis not shown) that included as a predictor the Charlson score to predict the GRACE scores, showed that the influence of the Charlson score ranged between 3.43-9.37 GRACE points (coefficient β), predominantly for the GRACE-1 and GRACE scores -2; This could be due to the collinearity between some variables or categories found in the GRACE and Charlson score, including age and the presence of chronic kidney disease.
